To study the permanency of response to selection for a quantitative character in finite populations and the nature of the genetic effects that contribute to this response, we have used the covariance between ancestors and descendents within populations. Effects and variances are defined for an initial equilibrium random mating monoecious population that gives rise to replicate finite populations. After a prescribed history of restricted population size, the replicate populations are expanded, and the covariance between ancestors and descendents is quantified in terms of descent measures and genetic components in the initial population as a means of determining the additive variance within populations. Several dominance components including joint dominance effects of loci contribute to the additive variance, some of which can be negative. There is always a positive contribution of additive by additive variance to the additive variance within populations, which can be large. With the new definitions of components of genetic variance within populations, selection response is formulated in the same manner as for the initial random mating population, but the components have been modified considerably by the restricted population size.
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The permanency of immediate response to selection for a quantitative character is important for the evolutionist as well as the animal and plant breeder. It has long been known that dominance effects are not transmitted from ancestor to descendent in outbred populations, although there can be some immediate response from dominance, full-sib selection, for example. Griffing (1) also showed that the additive by additive (a*a) variance (and other all additive types of epistatic variance), which contributed to the initial response to selection in an outbred population, dissipated with continued random mating. This was confirmed (2) by considering the covariance of descendents over time with their ancestors. These results lead to the general conjecture that only additive effects and variance are involved in permanent response to selection in large outbred populations.
The situation is very different with inbreeding. With selffertilization (3), dominance and a*a effects as well as additive effects contribute to immediate, intermediate, and final response to selection in a complex manner. The same is true for mass selection (4) and family selection (5) with partial selfing.
In an analysis of the covariances of half-and full-sibs in finite populations with drift, it was found that portions of the components involving dominance behaved as additive variance, suggesting that they also would contribute to permanent response to selection within populations (6) .
Within finite populations Goodnight (7) found that the a*a genetic variance increased for some time with restricted population size-in contrast to the additive genetic variance, for which there is a linear decrease with inbreeding, an observation also made in ref. 8 . Also, Goodnight (9) found part of the a*a variance within populations to behave as additive genetic variance.
The objective of this study is to formulate the covariance between ancestors in finite populations and their descendents over time for additive, dominance, and a*a effects. The argument is that permanent response to selection within populations is proportional to the final cumulative covariance (3) (4) (5) , which is also referred to as the variance that is conserved with continued mating.
For simplicity we consider only random mating monoecious populations (6) . The initial population is in linkage and Hardy-Weinberg equilibrium and gives rise to replicate finite populations of size N each generation. At some generation in time the replicate populations are expanded, N = mo. It is these initial expanded populations that are the ancestral populations, and random mating is continued with N = oo.
We consider a single locus for additive and dominance effects and a pair of loci for joint dominance and a*a effects. The genetic components for additive and dominance effects are defined for the initial equilibrium population (6) Abbreviation: a*a, additive by additive.
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. The descent measures for two loci are considerably more cumbersome. Most of the arguments involved in their evaluation are given in ref. 2 , and some of the arguments will be sketched. We take account of linkage measured by A where (1 -A)/2 is the recombination fraction. Letting a = (1 + A)/2, a is the probability that a parental gamete was parental in the previous generation and 1 -a is the probability that it was a recombinant (on two gametes) in the previous generation. Consequently, for OAU., which involves a random parental gamete of A and of U,, OAU.
= aOAU,_-+ (1 -afi because iAUl = +, being the probability for a parental gamete in the ancestral population and any recombinant gamete. Carrying the argument back to the ancestral generation OAUT = aTO + (1 -aT)j= (6- We have evaluated OAU and VAUT. DT involves a gene at one locus from the descendent line and a gene at the other locus from U. With probability (1/2)Tthe descendent line gene is a copy of one in the ancestor, and the probability that the genes are identical by descent at the other locus is 6, the probability for a random pair of alleles. With probability 1 -(1/2) Tthe descendent line gene is not a copy of one in the ancestor, and the identity probability is j. Thus, jA15 = (0-y62`+ j. Making these substitutions, It is the covariance between the ancestor and its descendents that relates to permanency of response to selection. Each ancestor has 2Tdescendents in the Tth generation. It is the cumulative covariance that is conserved. We define the additive variance, oa*, for the ancestors to be aa2 = 2AXD, as T-A Ad. The covariance between ancestor and offspring is We have substantiated that various dominance components defined for the initial equilibrium population contribute in part to the additive variance in finite populations as indicated by half-and full-sib covariances (6) . We have substantiated that a*a effects defined for the initial population contribute to the additive variance within populations as found by Goodnight (9) and have quantified in terms of descent measures the amount. With these new definitions of variances, selection response is formulated the same as for an infinite equilibrium population. For selection among ancestors the only difference between immediate and permanent response involves epistasis, a*a variance in our case.
Only a cursory evaluation of the contents of oa* will be made. For this purpose we note that 0 2 y 2 > 8 and 0. j . A 2 62. Consequently, all coefficients of the components are positive. The components are all positive, except for d1, which is a covariance between additive and homozygous dominance effects and can be negative and 2hh', which can be negative. The sum of 2hh' over all pairs of loci is (1h)2 -1h2 and is not apt to be negative, and its coefficient 2(j -A) is always very small (6) . There is a loss in additive variance with a coefficient of 1 -0, but a gain due to a*a variance with an approximate coefficient of 40(1 -0). Other approximations for the first few generations in finite populations with 0 small are y _ A 0 y 0 and 8 ', so that important determinants of oa3 involve oa, d1, and o2,. These and the other components are determined by gene frequencies and the genetic model in the initial population.
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